ENHANCED PROTECTION FOR INPUT BUFFERS OF LOW-VOLTAGE 
FLASH MEMORIES 

Tfxhr ira1 Field 

The present invention relates generally to semiconductor integrated circuits. 
More particularly, it pertains to devices and methods to protect input buffers of low- 
voltage flash memory devices. 

flartf ground 

A transistor is a device that controls the flow of electrons. This ability to 
control the flow is important in that information, in the form of electricity, may be 
processed or stored by the transistor. To process or store greater amounts of 
information, transistors can be collected together to form an integrated circuit. An 
example of an integrated circuit that processes information is a central processing 
unit (CPU), which can be likened to the computing aspect of the human brain. 
Another example of an integrated circuit, which «n be likened to the memorizing 
aspect of the human brain, is a memory device for storing information. A computer 
comprises these two core integrated circuits-CPU and memory. 

Memory devices have progressed from early designs, which consumed 
considerable power because of the need to continuously refresh the memory, to 
present devices, which are more desirable because of their frugal use of power. 
Presently, memory devices include low-voltage transistors: These low-voltage 

to these low-voltage transistors, either by acoident or design, wonld detrunentally 
affect the lifetime of these transistors. 

- Yet, voltage supplies larger than 1.8 volts exist in memory devices that 
include low-voltage transistors. Memory devices need these voltage supplies by 
design to perform memory operations, such as reading, programming, or erasmg. In 
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discharge voltages onmeorderofsevemlthousandvo.ts may undesuab.y en e r and 
II — r. SuchalaCcofresistanc e byl ow— ,0,^ 
r^^.ead.oaneven^.acKofaooep.noein^— eforproducts 
basedcnmemorydevices^inoludesuch.ow-vo.tage—. 

^wha.isnccdcdaredevicesand^.oinh.bUd.esenu— 

breakd own that affects the lifetime oflow-voltage transits. 

Suinmay-oitiialnyfintiiai 
The above mentioned problems ^m low-voltage transisto, and omer 

i« fc «^«-^»---■* ^4, "■ d,,--,,l-, 
aceordthesebeneflts. , mi , discussed to enhanee buffering 

In one illustrative embodiment, a system .s dtscussed 

^ide—rs --.^^r a ^U 

I„ another illustrative embodiment, an mput buffer for a low g 
.emorydevicisdiscussed. rnehtput buffer mcludes an mput 
stage Tl.einputbufferoptionaUymcludesavolUgesensorandanmhth.tmg 

legate is receptive to an inhibiting signal. The drain .receptive to » mput 



to the source 



Attorney Docket 303.698US1 



2 



Micron 99-0565 



^ow-voltage flashy device . Tlte voltage sensor triggers when theinpu, 
the low vo g The voltage sensor is receptive to a 

signal is at a second predetermmed level. The vo g ^ 
pumped signal and .he mput s,gnal. The mmbm 
i ^^ll-l^^ b '-^ ,0 * ,,,, * -, * M 

^'■^i—e— fc *^r 

^gen.h^o, device. The.elhodinc.udes— gando^g. 
Thelftransferrin S is «ec^ by an ^ stage havtag a ga.e, a ^ 
source The gate of the input stage is receptive to an inhmUmg stgnai. Thedramof 
source. ine B The inout stage inhibits the mput 

the input stage is receptive to an inpnt stgnal. The mput g 

z - 

secondeo»nection pre sentsthemputs.gnaltothelowvol « 

These and outer embodiments, aspect advantages, and features of the 

^puonofthe — »-«rXjT—----*» 
The aspects, advances, and features of the mventton are reahzed 

out in the appended claims. 



Figure 
present invention. 



r «*«™ arr^rdine to an embodiment of the 
1 is ablock diagram of a system according 10 



invention. 
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P^SisacirouU^acccrfi.gtoanembodin.en.ofthepresen. 
bV ^ 4 Uao ircUitdi a gram acoo* gt o» em — ..ofthep^, 

invention. 

DetailedJ^fisaaptioii 

. and in which is shown, by 

the accompanying drawings which form a part hereof, and in w 
theaccomp y invention may be practiced. 

those skilled in the art to practice the invention. Other emoooim 

MOSi S t y pioallyas y n,me tt ica 1 device,«hem l ede S1 gnat 1 o„of sou.ce d«m 
CriJoncevo.tase.^o^— »*T^ rf 

----- -rr^CS 

Thetems-'high"and»low--a S u S edhe rel n re fertoVoc 

thevoKagesupp*. to one e—ent, .he voUage supply supP- vo«a g 
rt f 1 fiS to 2 22 volts, unless otherwise mdicated. 
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ThecapacUordescrib e dhereinca,,bea„ycapaci.orfabricatedona I ,in,egra.ed 
circuit using any fabrication technique. The energy-storing device described herem, 
however, may be fabricated as either an n-channel transistor or ap-channe. 
..ansistor; the transistor's source and drain are connected together to form one 
conduct* its gate forms the other conductive plate, and the oxide .ayer forms 
the dielectric. 

The term "pre-charging device" described herein includes any devrces 
capable of providing charges to maintain a predetermined leve. of charges m an 
energy-storing device whileasystem that includes the energy-storing dev.ee ts 
tnmed off. The reason for pre-charging is thus: the energy-storing device may have 
to storealargeamonntofehargestoenableacharge pump circuit to providealugh- 

voltage signal. Without pre-charging, an nndesired amount of time may have to be 
taken once the system is tnmed on to charge the energy-storing device. Thepre- 
charging device described herein can be a square-law device. The pre-chargmg 
device desenbedhereincanbe any transistor fabricated on an integrated ctrcm. 
nsing any fabrication technique. The pre-eharging device described herem, 
h„wever,may be fabricated as an n^hannel transistor withits drain and gate 
conneeted together, the drain is connected to an external supply. 

The term ••chargingdevic," described herein includes any devices capab.eof 
cl^mganenergy-storingdeviceuptomelevelofmeextemalsnpply. The 

device describedhereinennbe any transistor fehriented on an integrated ctrcurt 
nsinganyfabricnnontechniqne. Tbe charging device described herein, however, 

its drain connected to an external supply. 

The term-metal option" described herein includes a conductor that can be 
^ertedmcloseacircni, or removed to open a circuit. Such a conductor may be 
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as to obtain a desired circuit behavior. 

^embodiments ofmepresentinvention focusonmep^emof—g 
^conducorb^onow-vcage — 
term "semiconductor breakdown" means the inclusion of oxide I ^ a ^°^™ 

^(MOSFE^becauseof.he^natu.ofmeae— ^MOSFETs 
^eimeronorofftosvmboH^edi^Ooridependmson^etb^ 
presented atthe gate. Sucb a voitage heips to create an eiectnc fi e,d that control 

the digital state of a MOSFET. 

OnecomponentofmeMOSFETma. is .senna, forcreaungmeelectnc 

fieidisthegate-oxide. Tbe gate-oxide acts like a dieiectric to create a bamer 

nasumemoryischosenasasu.ragemedium.l.w-vo^euasbmemo^ 

memoryinciudes — h avmg g^xides o f about 40 angab.n^— 

Sucbawidmis^erUranmewidmofga.^xidesofprevrousgene.bonsof 

toffiisto^andismereforemoresnsceptibletohighvoltages. 
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mg b voltage, andsuperhigh voltage. M memory needs these varyrng voltage 
eIl g . ta o n ea S peet„f« h e i nve„ t ic„,ace^„hi gh vo to ge m a y beapp ; ed,o*e 

a^e^etoerga.e.xidep^uaprob.emfor^oningd.eflash.ne.ory 

to a desired test mode. 

Mother problem is the presence of**-** charge. Electrostatic 
disehargeisarransferofelectroswiechargebenveenbodiesa.d.fferent 

field Elee^edischargemaytransferavo.tageonmeorderofsevera. 
fcousandsofvoltstoalow-volta^^^^^ 

voltage is presented to the thin gate-oxide, me transistor having sueh a gate-ox.de 

^"^elodimentsofmepresen. invention M ,ve these and other problems, 
^embodhnenuofaepresentinventionarenowdisoussedbelow 

Figure 1 isabloekdiagramofasystem according to an embodiment of the 
presentinvention. System 100 includes anient buffer C!02. Inone— nent, 
.hesystemlOOenhanc.ti.ebufferingoflow-vo.Ugeflashmemory^en^ 

oxides. SuchaninMbitionoccurswhencerUinvotogesarepresentedto^mput 

ondesiredrngbvoltagelevel. The input buffer C102 is receptive to an enabhng 

signalsm.aninpu.signalSlM.andaninhibitingsignalSllO 

100 Otac^-M*^*-^ 1 "^^*^ 
signaJSnO-TheinMbitingsignmSUOhelps^emputbufferClOatomlubr. 
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is at a low voltage level. ' 

The input buffer C102 presents the input signal S 104 as s.gnal Si 12. Th 
,^81U — — Tneinve rt ern02pre S en,^v^ g na, 
Smiled signalSlU, to oflrereireuitsfoUowing the system .00 In one 

Thesystem^ineludesavo.tagesensorC^.Thevo.tagesensorCm.s 

ci reuit(»o«sho W n) g enerates*epnrnpeasi g nalS106. I noneernbodunent, t he 
nurnpedsignalS106ineludesavotageofabo»t5volts. 

^ triggeringofthe voltage sensor C104 produces seosedstgnalSlOga acertatn 
Thesensedsigr^SiOSispresented^aninUbitingohouttCloe. 

beentnggeeo, 02 10 jahibit the transfer of the input signal 

level that causes the input buffer C102 to rnnion m 

hereinbefore. The input signal S204 is presented to node A. 
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ron? a ko couoles to the node A. A second 

clamping circuit C204 clamps the mput stgnal S204 »» 
• , P902 and C204 help to overcome an electrostanc-dtscharge teat that 

TestMethodAlH-A: Electrostatic Discharge (ESD) Sensitivity s 

1997 ^' , a a resistor R202 acts to limit 

A resistor R202 couples to the node A. The resistor w 
A resistor f q 2 04 having a high voltage, such as when 

presented at node B. , rfat>e T202 having first, second, and 

Theinputbnffer200inolndesanmpnt 5 tageT202havmg 

««JL moneemc^e.t.mefiratconnecfioncanhe — 

£ tor 

deredthedrain Thus, the input sUgeT202 can be cohered, fixator 
inhibiting signal S206 presented at node E. Thus, tne P 
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,0 the inhibiting signa. S206; this inhibiting signal S206 is similar to the inhibiting 
sign a.S106 as discussed hereinbefore. The gateofttte input stage T202 couples to 

nodeE. 

In the embodiment in which the input stage T202 is an n-ohanne.hans.stor, 
the input stage T202 transfers me input signal S204 torn the source at nodeBtothe 
drain at node C. This occurs when the inhibiting signal S206 presents a bgh 
voltage a. node E. In me same embodiment, the input stage T202 inhibits the input 
signalS204tromthesourceatnodeB.obetransferredto.hedramatnodeC. Tins 

occurs when the inhibiting signal S206 presents a low voltage at node E. 

This behavior of the input stage T202 enables it Jo inhibit undesired voltages 
from entering an integrated circuit, such asaflash memory device, to nunlow- 
votogehansistorshavingmingate-oxides. Such an inhibition occurs in at leasttwo 
circumstances. First, when an integrated circuit is inactive, the inhibiting srgnal 
S206 presents a low voltage leve! at the gate and thereby the input stage T202 

Suppose that during handling of a flash memory device, an electrostatic discharge 
accidentally occurs. Because the flashmemory device is inactive, me input stage 
T202 inhibits the electrostatic discharge from entering the flash memory devrce. 

Second, when an integrated circuit is active, me inhibiting signal S206 may 

input signal S204 a, the source from bemg transferred to thedrain. Suppose that 
dnrmgoperationofmeflaahmemorydevice.a.argevotogeispre.en.edbydes.gn 

viair V ntsigna.S204to^itionmemte gra tedcircmtin.oa.estmode. Other 

,ow voltage level and thereby inhibits the signal S204 from entering me mtegmted 
circuit, such as a flash memory device. 

Whathas been shown hereinbefore is <ha. the input stage T202 operates to 
selectively inhibit a voltage from entering an integrated circuit whem« me 
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r^ist certain voltages that may rum low-voltage u<u 

transistor T206 couple to the node C. . 
transistor f _ . having a gate, a dram, a 

The input buffer 200 includes a transistor T204 havmg g 

t. ^- „t thP transistor T204 includes a p-channel 
source, and a bias. In one embodiment, the transrstor 

Th e^ t o lR2 04coup 1: ^~t m06istopKvmttt e tt oaeC fr o,n 
The purpose of the transistors T204 ana k 

.owvo^esig^.NodeCwmbeataHshvo.Ugel^*-- 

AthirdclampmBotom.C206oouplestothcnodeC.1W 
• .rioemo.odes^n^cl^istorraghavingaga.e.adxam.anda 
cl rcuitC206iiicludesann aresis tor R206- fcwne 

source. The gate of the n-channcl trustor T208 couples 

k™* ft 949 x10 s ohms. The resistor R20o 

— itsrs:— — r:r 

clamping circuit C206. The source of the n-channel trans 
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These two clamping circuits, C206 and czue, n p 

Mode,Te S .Me tt >odforE.ec to , S ta« i cDischa Ige With S ,a„d« 1 dsof 

Microelee,ronicComponen,s(May 1995). , 
Thein P utb«ffer200includ<*anou*putstagel202havmg 

mdas econdlnechon. i- ^^^^"1 

^-m.— .ix*—— ^*tt£I 

I igMl S212. ThesignaJSmprogressesto other « (no, shown, of *e 
integra.edoiro^suchasa.ow.votegcfla.hmemorydev.c.^ 

Inoneembotoen^on,u,s U geI202 1 s»n W er^I202havmg2 

ofthen-channel transistor T214 couples to the node C, the drain 

C^Tedrainofd.ep.hanne— m!2 coup.es <o*e node 1^** 
defme*efWeonnecno n .Thed ra inofd 1 en<hann eltt ans 1 s,orT2.4 
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of the p-channel transistor T212 define the seeond connection. 

The inpn. buffer includes an enabling tfansistor T210. The enabhng 
transistor T210 is a p-channel transistor having a gate, a drain, and a source. The 
gate of the enabling transistor T210 couples to an enabling signal S202. In one 
embodiment, the enabling signal S202 is low. Wore, me enabling transistor 
T210is turned on. The sourceofthe enabling transistor T2.0couples to the voltage 
supply. The drainofme enabling transistor T210couples tome drainofthep- 
channel transistor T212 of the inverter 1202. 

The enabling transistor, being turned on, keeps the inverter 1202 actrve 
becausecurrentcanflowfrommevoltagesupplytomedrainofmeenabhng 

atalow level at nodeDwhenthe input signal S204 is a.ahigh level at me node C. 
This is the result because the „.hannelbansis.orT214is«nrne4 on while the P - 
channelWnsisU.rTinisturnedoffwhen the input signal S204 is atahigh level. 
Thep-channe. transistor T2 12, being htmed off, disconnects the nodeDto the 
voltage supply. Instead the nodeDconnects to ground via me n-channel.rans.stor 
T214, which is homed on. Ground defines a logic low level, and hence the srgnal 

S212 is at a low level. 

When the input signal S204 is at a low level, the opposite happens. The n- 

channel transistor T214 is mrned off; and me p-charmel transistor T2!2 is turned on. 

The p-channe! transistor T212, being turned on, connects thenodeDto me voltage 

supply. Thevotegesnp P lydefinesalogichighleveUandhen«mesi g nalS212rs 

at a high level. 

FigureSisacircmtmagramaecnrdmgtoanembodimentofmepresent 

invention. Avoltage sensor 300 includes a multiple of slages: a higgenngs^ge 

302r.firstmv^s^e304,adeUy 6 Uge3(H i ,^.secondmver D ^sti 1 g^08. 

D ependmgon«hevol^elevelofmeinpu,signalS304,mevo te gesensor300may 

rigger. The input signal S304 is similar to the inpnt signal S104 as discussed 
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hereinbefore. A sensed signal S308, which is produce* by the voltage sensor 300, 
reflects whether the voltage sensor 300 was triggered. 

The triggering stage 302 includes a first portion 302, Thp first portron 302, 
is receptive to Are input signal S304. The input signal S304 passes through a metal 
option M302. The metal option M302 may be removed to inactivate the voltage 
sensor 300. The input signal S304, having passed through the metal option M302, 

is presented at node A. 

The first portion 302, includes a p-channel tiansistor T302 having a gate, a 
drain a source, and a bias. The gate of fine p-channel transistor T302 coup!es to a 
resistor R302. In one embodiment, fire resistor R302 is about 1.024 x 10' ohms. 
The sonrceofthe p-channel hansistor T302 couples to the nodeAand is recoptrve 
to the input signal S304. The drain of fire p-channel transistor T302 couples to the 
resistor R302 and a node B. The bias of the of the p-channel transistor T302 
couples to the node A. A metal option M304 couples to the drain and the source of 
fte p-channel transistor T302. Current will flow through me metal ophonM304 

insteadofthrough the transistor T302 when the metal option M304 is inserted. Thrs 
is the case because current seeks a path that has the least resistance. 

The first portion 302, includes a p^hannel transistor T304 having a gate, a 
dmin,asource,andabias. The gate of me p-channel transistor T304 couples to the 
resistor E304. In one embodiment, the resistor R304 is about 1.024 x ltf ohms. 
The sonrceofthe p^hannel transistor T304 couples to the nodeB. The dram ofthe 
p ^hanneltransistorT304eouplestotheresistorR304andanodeC. Theb.as 
couples to the node A. A metal option M306 couples to the drain and the source of 
the p-channel transistor T304. Current will flow throughthe metal option M306 
insteadofthrough the transistor T304when«he metal optionM304 is inserted. 
- Thefi I st P o rt ion302,meludesap^anneltransistorT306havingagate,a 

drain.asomee.andabias. The gateof the p^hannel transistor T306 couples to a 
resistor R306. In one embodiment, the resistor R306 is about 1.024 x itf ohms. 
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The resistor R306 couples to the voltage supply. The souroeof .hep-channel 
transistor T306 couples to the node C, the drain couples to the node D, and the b.as 

couples to node A. 

The p-channel transistor T306 is generally turned off because its gate 
couples through toe resistor to the voltage supply, which is a logic high level. To 
turn on the channel transistor T306, the voltage at nodeCmus.be greater titan the 
sum of ,he,lu*sho.d voltage (V„) of the p-channel transistor T306 and the voltage 
presented at the gate of the p-channel transistor T306 (Vcc). Thus, a voltage at node 
Ctitattnmsonthep-channeln^sistorTSOaisdefmedastitemggeringvotege. 

This triggering voltage can be considered as the voltage that triggers the voltage 
sensor 300. 

The voltage at node C is derived from the voltage at node A. The voltage at 
node A is derived font the input signal S304. Thus, the input signal S304 can 
provide the triggering voltage if the inpu. signal S304 is sufficiently high, such as 
the sum ofVccandV TC . The triggering voltage canbe increased by an additional 
V TO ifmemetaloptionM306isremoved. When the metal option M306 is removed, 
toe current must flow through the P .hannel tt ansistorT304. Avotogedmp across 
tire source and the drain is created by the flow of current across the p-channel 
transistors. This voltage is about one V TO . The triggering voltage can be 
former increased to anadmuonalV„byrem^^^ 

sum of Vcc and three V TO 's. 

Thetriggerings U ge302includesa S econdportion302 ; : The second portion 

302, is receptive to a pumped signal S306. Tne pumped signal S306 is similar to 

the pumped signal S106 as discussed hereinbefore. The pumped signal S306 > 

presented to an n^hannel transistor T308 having a gate, a drain, and a source. The 

gate of the n-channel transistor T308 is receptive to the pumped signal S306, the 

drain couples to the node C, and the source couples to the node E. 
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The second portion 302 2 ine.uoes a number of n-channe, transistors: T310, 
T312 T314 T316, and T318. Eaeh of these n-ehannel transistors inelndes a gate, a 
drain! and asource. The gate of the n-channe! transistor T310 is receptive Ore 
signal S306, the drain couples to the node E, and the source couples to node F. A 
meta, option M308 tuples to the drain and the source of the n-channe, T3.0. The 
g a,eoftt 1 en-channeln^i S torT3 1 2is re cepnve.omesi g na.S306>edram 

coup.estoOtenodeF.andthesourcecouplestonodeG. A metal option M310 
couples to thedrainand the source of the n-channe, T3!2. The gate of the n.hanne, 
transistor T314 is receptive to the signal S306, the drain couples to the node G, the 
source couples to node H. A mem, option M3 12 couples to the drain and tire source 
ofthen-chan»e,T314. The gate of the n-channe. h^istor T3 16 is receptive to the 

mete , option M3,6c 0 up,es to me drain and tire sonrceofthe n-channe, T318. The 
gateofmen-channd^ansistorTJlSisreceptiveto the signal S306, me dram 
couples to the node I, and the source couples to node J. A metal option M316 
couples to the drain and the source of then-channel T318. 

Eachofthemeta, options, M308 to M316,eanbe removed to decrease tire 

node D to progress through subsequent stages 304 to 308 if Ore input stgna, S 04 
sufficient* mghtotriggerthetn^^ 
presented to the node D. 

The voltage sensor 300 includes the first inverting stage 304. The first 
mvertmg S tage304inc 1 nde S af^mverterB02andasec O ndinverterI304. The 

aso-urccandap-channel transistor T320, having a gate, a drain, a source, and a 
Was Thega.eofmen<hannelti^is to rT322conples.othenodeD,medram 
conples toanodeK.andmesourcecoup.esto ground. The gate of drop-channel 
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tal „co»p 1 e S ,oa l e„odeK,a I ,dtheb i asoo«p.e S ,c t hevo.ta g esupp.y.Ueseoo„ d 
ilKert erl304inc,udes an n.hanne, transisto, T3 2 6, hav tag a gat,, a d^and a 

r^-i — — rTS^ooup.es^eaod^.hed^eoupea. 
O.enLL.and.hesou.eooup.ea.o^d.Thegataomep.hanne^ 

T324 couples to flie node K, the source couples to the voltage supply, the drain 
ooup.estoAenodeL.andthebiascoup.estofl.evotogesupply. 

^inver^DOZofurefirs.invertings.ageSCM-inver.utelog.cs.gnal, 

OCHofdre first inverting stage 304. Thus, fce .ogic signal, Wuchts presented a, 
nodeD.willbepresentedinthesamelogiclevelatnodeL. 

The voltage sensor 300 inc.udes the de.ay stage 306 havtng a number of 
energy-storingdev i ces: D 30 2 ,D304,D306,andD308.Bachofuree„er g y^ 



D304includesap^hanneltrar 1 sistorT330tna.coup 1 -.u. B ^~- 
Zlso urco othevoltagesupp.y. A m etal option M326 couples to *e node N 
^.othevoltagesupp.y. Anourer m e^opfionM32S coup.es to the no eN 
ILnode. ----^ 

anaaonrceto ground. A naetal option M322 couples to fi>e node we,, ash, 
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ground. Ano.herme.a.opt.onMSSOcoupbs.o.henodePandU.enodeL^ 

The.ogicsigna^hiohispresenteda.nodeL.wmbede.ayedby.hede.ay 

st age306.Thede,aystage306 se.es to reject undesired noise i, the .og,cs,gnal. 
^eduraaonofthede.ay.sdependen.ontoenumberofaonveenergy^nng 
a e vic esD302,oD308.Therneta, options M320, M328, M322, and M330 can be 

D 304 D306,andD308,respec,ively. The nreta, options M318.M326.M324, and 
M330^beren,ovedto fl oatnnenodeM, N ,O,a n dP. r espec„ve.y.Tbe m eM 
options M318,M326,M324,andM330cnn be inserted tobringthe node M.N.O, 
and P high so as to allow a shorter delay for noise reject.cn. 

The voltage sensor 300 includes a second inverting stage 308. The second 

,308 presented signal S308. After being delayed by the delay sU g e 306^e 
l0 gic signal is invertedbytheinverter .306 and inverted again by the tnverter 30. 
H L, Ore logic signal, which is presen.ed at node L, is at the sarne logrc level after 

B 08 isalsoknownasasensedsignaism The sensed signal S308 ,s sunrlar o 

high logic level when the voltage sensor 300 is triggered. Otherwise, the sensed 
signal is at a low logic level. 

hereinbefore. The inhibiting circuit 400 is recopbve to a sensed stgna. S408. The 

sensedsignalS408ispresentedtoanodeD. 

- Minver,erI402conp.es«o«henodeD.orecoiveti,esenseds 1 gnalS4(^8. 

Theinverter .402 inverts tite sensed signal S408 and presence sensed s,gna, 
S408 whichi S nowinverte<i,toann-channelhunsis to rT406. Then-channel 
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transistor T406 includes a gate, a drain, and a source. The gate of tire n-channe! 
transistor T406 receives the sensed signa. S408, which is inverted, the dram couples 
to the node B, and the source couples to ground. 

The n-channel transistor T406 is turned on when the inverted sensed signal is 
atahigh logic level. Thus, the sensed signal S408,prior to the inversion, is atalow 

logic level. The sensed signal S408, at a low logic level, reflects that the voltage 
sensor circuity, shown), which precedes the inhibiting circuit 400, did not trigger. 

The p-channcl transistor T404 is also turned on when the n-channel 
transistor T406 is turned on. The p-channel transistor T404 includes a gate, a dram, 
a source, andabias. The gateof the p-channel transistor T404con P les to the node 
B thesonrcecouplestomenodeA.medraincouplestothencKleC.andtheb.as 
couplestothenodeA. The node A presenU a pumped signal S406. Thepnmped 
signal S406 is similar to the pnmped signal S106, which is discussed herembefore. 
The reason the p-channel transistor T404 is tamed on is because the n-channel 

,o ground, which isalow logic signal. The nodeCis also polled high to thelevelof 

Because the node C presents the inhibiting signal, when the nodeCis atahigh logrc 
level, the inhibiting signal is at a high logic level. 

Returning to node D, the inhibiting circuit includes an n^hannel transfer 
T408havmgagate,adram,andasou rc e.Thegateoftaen^hannelh^sistarT408 

couples to the nodeD.the drain couples to thenodeC, and the source couples to 
ground. When Are node D presents the sensed signal S408 a. a low logic level, the 

transistor T408 is turned off. 

- When the node D presents the sensed signal S408 at a high logic level, the n- 
channe. transistor T408 is tamed on, hut the n-channel transistor T406 is now tamed 
off ThenodeCispulledlowbythen-ohannellransis.orT408. Thep-channel 
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trustor T404 is turned off because fhe node C present a low .ogie leve. to the p- 
cha M ,e.^sisforT402,whiehfu m so„U>ep-ohanne. tt ansis.orT402. Thep- 
oha^ef.ransis.orT^ine.udesagafe.adrain.asource.andabias.Thegafeofhe 

p-channel transistor T402 eoupfes to the node C, One souree couples to the node A, 
the drain couples to the node B, and the bias couples to the node A. The source and 
drain of the p-channe. transistor T402 p«U node B high to the level ofthepumped 
sig na.S406whendte P .hannelh^sis«orT402ish 1 rnedon.WhennodeB,sata 

high logic level, transistor T404 is turned off. 

What has been shown is that the inhibiting signal S410 depends on Ore 
sensed signal S408. The inhibiting signal S410 is a, Are voltage level of the pumped 

,evel. The inhibiting signal S410 is a, a low logic level when the sensed s lg nal S408 
is at a high logic level. The sensed signal S408 is at a high logic level when the 
voltage sensor (not shown) is triggered. 

One use of the inhibiting signal S410 a. a low logic level includes support 
foraspecia, manufacturing mode. The inhibiting signa. S410, atalow.ogic level, 
oanbe used to inhibit high voltages from affecting thin gate-oxide tutors 

manufacturing mode is supported. 

Fignre 5 is a block diagram according to one embodiment of the present 
m vention.Awirele 5 sdevico 5 <K.include S adisnlay502,ap ro c^r504,anda 

bw-votogeflashmemorydeviceSOti. The display 502 provides a user m.erface 
^eanbenavigatedbyauserti.contiolthewireiessdeviceSOO. Tneprocsor 
504 processes data and contiol provided by the user or a remote server (not shown). 
The-low-voltage flash memory device 506 provides storage to store dam and 
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The wireless deviceSOO is selected from a group consisting of a cellular phone, a 
personal appliance, and an Internet appliance. 

Copr.lnsion 

Systems, devices, and methods have been discussed to inhibit semiconductor 
breakdown of thin gate-oxide transistors. These thin gate-oxide transistors may be 
used in 32-megabit integrated circuits, such as flash memory. Previous generous 
of integrated circuits use a power supply in the range of 2.7 to 5 volts. The 
embodimentsofthe present invention focus on integrated circuits mat useapower 
supply in the rangeof 1.65 volts to 2.22 vote. Toguaran.ee the satnetunmg 
behavior as previous generations ofm.egra.ed circuit, low-votege integrated 
circuits use thin gate-oxide transistors, such as CMOS. A possibility exists that a 
v 0 l,ageg^erman2.22voltsmaybem tt oducedtomesemingate^x,de 

"""Embodimentsofthe present invention inhibit semiconductor breskdown 
of the thin gate-oxide transistors in the presence of voltages greater man 2.22 vote 
so that the lifetime is not compromised. 

Although the specific embodiments have been illustrated and descnbed 
herem,itwillbeapprecia,edbymoseofordinanrskil.m«hear.matany 
arrangement which is calculated to achieve the same purpose may be substituted for 
thespeoificembodim^tshown. This application is intarded to cover any 
auapu-fionsorvanationsofmepresentmvention. It is to be understood that the 

the*, uponreviewing me above description. The scopeofthe invention mcludes 
any other apptictions in which the above structures and fabrication methods are 
used. Accordingly,.!* scope of the invention should only be determined wrm 
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such claims are entitled. 
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